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Abstract 
Resistance (R) genes against plant pathogens often have age-related resistance (ARR) effects. However, the 
mechanism involved in this phenomenon remains unknown. In this paper, Solanum lycopersicum ‘CLN2037B’ and S. 
pimpinellifolium ‘L3708’ harboring the Ph-3 gene, as well as S. habrochaites ‘LA2099’, ‘LA1777’ and ‘LA1033’ 
harboring quantitative trait loci (QTLs), were tested to investigate age-related resistance against late blight (LB; caused 
by Phytophthora infestans) in the three-leaf stage of the plants. The results demonstrated that the QTL-related LB 
resistance showed the same age-related resistance as the Ph-3-mediated resistance at the six- and nine-leaf stages 
compared with the three-leaf stage. This indicated that there is a common defense mechanism in tomatoes against P. 
infestans via ARR. In addition, we combined ethylene (ET), salicylic acid (SA) and jasmonic acid (JA) mutants with 
virus-induced gene silencing (VIGS) to study the Ph-3-dependent resistance signaling pathway. The results showed that 
ethylene and salicylic acid, but not jasmonic acid, are involved in the LB resistance mediated by the Ph-3 gene. 
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1. Introduction 
Late blight disease, caused by the oomycete pathogen 
Phytophthora infestans (Mont.) de Bary, is considered a major 
threat to potato and tomato production (Feng et al., 2004). To 
date, five LB resistance genes have been reported in tomatoes, 
namely Ph-1 to Ph-5. Interestingly, all these genes were 
discovered from the wild tomato relative Solanum 
pimpinellifolium (Gallegly and Marvel, 1955; Peirce, 1971; 
Moreau et al., 1998; Chunwongse et al., 2002; Merk et al., 
2012). Pyramiding of the Ph-2 and Ph-3 genes produced higher 
levels of resistance and thus the genes have been introduced 
 
 
 
into several varieties of fresh and processed tomatoes (Li, 2010; 
Robbins et al., 2010). Meanwhile, quantitative trait loci (QTLs) 
against LB were also identified in wild tomato relatives, such 
as S. habrochaites ‘LA2099’, ‘LA1777’, ‘LA1033’, S. pennellii 
‘LA716’, and S. lycopersicoides ‘LA2051’ (Lough, 2003; 
Robbins et al., 2010; Li et al., 2011). However, the drawbacks 
of QTLs, such as poorer effectiveness, sensitivity to 
environmental factors and strong linkage drag, have restricted 
their use in agricultural production. 
Age-related resistance (ARR) is the phenomenon by 
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which plants present increasing or decreasing resistance to 
pathogens during plant growth and development. ARR has been 
described in several plant-microbe interactions (Panter and 
Jones, 2002; Develey-Rivière and Galiana, 2007). For example, 
compared with adult tobacco (Nicotiana benthamiana) plants 
that showed full resistance to LB, young seedlings displayed 
lower resistance levels. Gourd (Lagenaria siceraria) plants were 
also reported to show ARR to certain diseases (Meyer and 
Hausbeck, 2013). For LB resistance in tomatoes, it has been 
reported that both the Ph-2 and Ph-3 genes have ARR effects 
(Chunwongse et al., 2002; Li et al., 2007; Li, 2010). However, 
the ARR effects on LB resistance that are controlled by QTLs 
remain unclear. 
Plant hormones, such as ethylene (ET), salicylic acid (SA) 
and jasmonic acid (JA), are involved in the defense response 
against plant pathogens (Jones and Dangl, 2006; Dodds and 
Rathjen, 2010). Generally, the resistance mechanisms against 
pathogens vary with the life styles of the different pathogens. 
For example, SA is involved in the regulation of defense against 
biotrophic pathogens, whereas JA or ET have more important 
roles against necrotrophic pathogens and insects. P. infestans 
has a hemi-biotrophic nature; Therefore, there is controversy 
regarding which defense signals are involved in the interaction 
between tomatoes and LB pathogens. Resistance against LB 
disease requires the participation of SA, JA and SA-mediated 
basal defense in potatoes (Halim et al., 2009; Manosalva et al., 
2010). However, studies on LB in tomatoes found that the 
participation of JA in R gene-mediated resistance was not 
necessary (Eschen-Lippold et al., 2010b). Shibata et al. (2010) 
reported that LB resistance in tobacco was attributed to a low 
concentration of SA in young plants, and the fully expressed 
resistance in adult plants resulted from programmed cell death 
induced by SA, as well as by phytoalexins induced by ET. To 
the best of our knowledge, in tomatoes, there have been no 
reports of Ph-3-mediated resistance mechanisms against LB, or 
mechanisms of ARR mediated by QTLs or other LB-resistant 
genes. 
In this study, P. infestans isolate T1, 2, 4 was selected to 
challenge plants at the three-, six- and nine-leaf stages. Our 
results indicated that the resistance regulated by QTLs was the 
same as that conferred by the single gene (Ph-3), showing an 
apparent correlation with plant age. In particular, the resistant 
levels of plants in the six- and nine-leaf stages were 
significantly higher than those in the three-leaf stage. In addition, 
mutants Never ripe (Nr), defenseless (Def-1) and NahG, which 
are involved in defense signaling pathways, together with 
virus-induced gene silencing (VIGS), were used to investigate 
the Ph-3-dependent resistant pathway. Our results showed that 
the resistance against LB was mediated by the Ph-3 gene and 
required the participation of ET and SA, but not JA. 
2. Materials and methods 
2.1. Plant material 
All experiments were performed in autumn 2011 and 
spring 2012 at the greenhouse of Institute of Vegetables and 
Flowers, Chinese Academy of Agricultural Sciences, Beijing. 
S. lycopersicum ‘CLN2037B’ and S. pimpinellifolium ‘L3708’ 
Ph-3-containing lines or the donor of the Ph-3 gene, 
respectively, were used as resistant controls (kindly provided by 
the Asian Vegetable Research Center). S. lycopersicum ‘LA2818’ 
was used as the susceptible control (kindly provided by the 
Tomato Genetics Resources Center). Resistant tomato materials 
containing QTLs associated with LB resistance, including S. 
habrochaites ‘LA1033’, ‘LA1777’ and ‘LA2099’ (also provided 
by the Tomato Genetics Resources Center), were tested. To 
perform the age-related resistance test, a sowing interval of 15 
days was used to obtain plants at different ages, including the 
three-leaf stage (20 days after sowing), six-leaf stage (35 days 
after sowing) and nine-leaf stage (50 days after sowing). All 
experiments contained three replicates with 15 plants in each 
block. 
To investigate the downstream signaling pathway of 
Ph-3-mediated resistance, tomato hormone mutants, def-1, Nr 
and overexpression of SA-deficient mutant, NahG (provided by 
Dr. Yuling Bai, Wageningen UR Plant breeding), were crossed 
with ‘CLN2037B’. The mutant def-1 has a mutation in the 
Defenseless-1 gene that participates in the JA signal transduction 
pathway. The NahG overexpression mutant expresses an SA 
hydroxylase that degrades SA. The mutant Nr (never ripening) 
is blocked for ET perception. The genetic backgrounds of these 
mutants were ‘Moneymaker’ (def-1), ‘Pearson’ (NahG), and 
‘VFN8’ (Nr), all of which are tomato varieties susceptible to the 
tested isolate of LB. The Nr and NahG showed dominant 
inheritance, and def-1 was recessive (Barry et al., 2001); 
Therefore, the F1 (for Nr and NahG) or F2 (for def-1) plants were 
selected using markers linked to Ph-3 and identifying the 
phenotypes of the mutants, respectively. In total, 200 individuals 
from the F2 population for each of the hormone pathway 
mutants and ‘CLN2037B’ were screened for homozygous 
progeny with the Ph-3 gene using the genetically linked marker 
RGA2M1 (Zhang et al., 2013). 
2.2. VIGS vectors  
The Tobacco rattle virus (TRV)-based VIGS vectors pTRV2- 
ACO1 for the ET pathway, and pTRV2-NPR1, pTRV2- TGA1a 
and pTRV2-TGA2.2 for the SA pathway used in this study, were 
provided by Cheng Chiu-Ping from the National Taiwan 
University (Chen et al., 2009b). Empty vector pTRV200 was used 
as a control and the tomato PDS gene was used as the reporter.  
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2.3. VIGS procedures 
VIGS was performed as described by Liu et al. (2002). 
Tomato seedlings were grown in the greenhouse at 25 ℃ with 
a 16 h light period. Tomato genotypes CLN2037B and MM 
were used in this study. One-week-old tomato seedlings with 
fully emerged cotyled on leaves were infiltrated with 
Agrobacterium tumefaciens strain GV3101 carrying the TRV 
derivatives, grown at 28 ℃ in selective YEP medium (0.5% 
peptone, 0.5% yeast extract and 1% sodium chloride) containing 
appropriate antibiotics. The bacterial suspensions (OD600 = 2) 
were prepared according to Chen et al. (2009). The agro- 
infiltration procedure followed a previously described method 
(Liu et al., 2002). The agro-infiltrated plants were kept in 
greenhouse at 21 ℃ with a 12 h light period. 
2.4. Inoculation and disease assessment 
The P. infestansrace T1, 2, 4 was used in this study (Feng et 
al. 2004). The isolate was maintained on rye agar medium and 
incubated in a growth chamber at 19 ℃  with a relative 
humidity (RH) of 80% for 15 days in the dark for sporangia 
reproduction. The disease assays were performed as described 
below. Whole-plant assays were performed as previously 
described (Brouwer et al. 2004; Chen et al. 2009). In brief, plants 
with fully expanded leaves were inoculated using a paint sprayer 
to atomize the suspension (1 × 103 zoospores · mL-1) onto the 
foliage. Inoculated plants were incubated at (20 ± 2) ℃ and 
100% RH without light for the first 24 h. Thereafter, plants were 
grown at (20 ± 2) ℃ and 70%–90% RH with a 12 h light period.  
Disease severity (DS) was scored at 7 to 10 days after 
inoculation on a scale of 0–6, where 0 = no lesions or disease 
symptoms; 1 = small lesions appeared on the leaves; 2 = limited 
lesions formed on the leaves, and the lesion area ranged from 
6% to 15%; 3 = the lesion area ranged from 16% to 30%, or 
water-soaked spots appeared on the stems; 4 = the lesion area 
ranged from 31% to 60%, or a small amount of lesions appeared 
on the stems; 5 = the lesion area ranged from 61% to 90%, and 
larger expanses of lesions appeared on the stems; and 6 = severe 
incidence of the disease, with a lesion area of more than 91%, or 
the plant died. Among the levels, 0 to 4 were regarded as 
resistant, and 5 to 6 as susceptible (Chen et al., 2009a).  
SPSS16.0 software was used to analyze single-variable 
variance and the significance of the differences using Duncan’s 
new multiple-range method.  
3. Results 
3.1. QTLs mediating resistance to LB show ARR effects 
in tomatoes 
The disease index levels decreased from the three-leaf 
stage to the nine-leaf stage for the Ph-3-containing plants in 
autumn 2011 (Table 1). When comparing the plants at the 
six-leaf stage with the three-leaf stage of ‘CLN2037B’ and 
‘L3708’, the disease index levels decreased by 52.2% and 
42.4%. The disease index levels of plants at the nine-leaf stage 
decreased by 63.7% and 73.7% compared with those of plants at 
the three-leaf stage, respectively. The disease index levels of 
susceptible control ‘LA2818’ showed no significant difference. 
Results in spring 2012 were similar to those of 2011 (Table 1). 
The resistance levels of tomato plants ‘CLN2037B’ and ‘L3708’ 
increased with plant growth and development, while the 
susceptible control showed no significant difference, which 
indicated that the resistance derived from the Ph-3 gene was 
associated with plant age. These findings agreed with the results 
reported by Li et al. (2007).  
Table 1  Mean disease index levels of six tomato genotypes at  
different ages infected by late blight 
Material Genotype Leaf age Autumn 2011 Spring 2012 
CLN2037B Ph-3 3 3.66 ± 0.63 Ac 2.50 ± 0.50 Ac 
  6 1.75 ± 0.57 Bc 0.86 ± 0.68 Bc 
  9 1.33 ± 0.60 Cc 0.56 ± 0.50 Cc 
L3708 Ph-3 3 3.04 ± 0.63 Ac 3.20 ± 0.71 Ac 
  6 1.75 ± 1.00 Bc 1.70 ± 0.53 Bc 
  9 0.80 ± 0.50 Cc 1.13 ± 0.50 Cc 
LA2818 – 3 5.93 ± 0.25 Aa 6.00 ± 0.00 Aa 
  6 5.88 ± 0.31 Aa 5.93 ± 0.25 Aa 
  9 5.84 ± 0.36 Aa 5.90 ± 0.30 Aa 
LA1777 QTL 3 4.35 ± 1.74 Ab 4.46 ± 1.47 Ab 
  6 2.68 ± 1.37 Bb 2.06 ± 1.14 Bb 
  9 1.22 ± 0.90 Cb 1.30 ± 1.02 Cb 
LA1033 QTL 3 3.20 ± 1.58 Ac 1.96 ± 1.29 Ac 
  6 1.86 ± 1.01 Bc 1.36 ± 0.66 Bc 
  9 1.15 ± 0.79 Cc 0.66 ± 0.47 Cc 
LA2099 QTL 3 2.91 ± 0.86 Ac 1.80 ± 0.66 Ac 
  6 1.88 ± 0.83 Bc 1.40 ± 0.62 Bc 
  9 0.88 ± 0.57 Cc 0.56 ± 0.50 Bc 
Note: Capital letters show significant differences between ages at a 
significance level of P < 0.01 and small letters show significant differences 
between genotypes at a significance level of P < 0.05.  
Tomato accessions harboring QTLs that conferred 
resistance against LB were also tested in autumn 2011 and 
spring 2012. The results showed that the disease index levels 
decreased with increasing leaf stage. Compared with the disease 
index levels of the three-leaf stage, the levels of the six-leaf 
stage and nine-leaf stage of accession ‘LA1777’ were reduced 
by 38.4% and 72.0%, the levels of the accession ‘LA1033’ were 
reduced by 41.9% and 64.1%, and the levels of the accession 
‘LA2099’ were reduced by 35.4% and 69.8%. The disease test 
was repeated in spring 2012 and the results were similar to those 
in 2011 (Table 1). In both tests, the disease index levels of the 
six-leaf stage and nine-leaf stage were significantly lower than 
those of the three-leaf stage (P < 0.05). Our results indicated 
that the LB-resistant QTLs showed significant ARR, similar to 
R gene-mediated LB resistance in tomatoes. 
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3.2. SA and ET, but not JA, are involved in the 
signaling pathways of Ph-3-mediated resistance to LB 
Our previous results demonstrated that the resistance 
mediated by the Ph-3 gene is fully expressed at the six-leaf 
stage (Li et al., 2007). Thus, in this study, the six-leaf stage 
plants of ‘CLN2037B’ harboring the Ph-3 gene were inoculated 
with the LB pathogen. At 8 days post inoculation, the average 
disease index levels were scored and the ‘CLN2037B’ and 
‘Moneymaker’ (susceptible control) were scored as 0.50 and 
6.00, respectively. The average disease level of the F1 hybrids 
‘CLN2037B’ × ‘Moneymaker’ was 1.14 because of the 
incomplete dominance of the Ph-3 gene (Zhang et al., 2013). 
Some of the tested pathway mutants were hybrids of 
‘CLN2037B’; Therefore, the F1 plants were used as resistant 
controls in subsequent tests. For the ET signaling pathway, the 
tomato mutant Nr, which is insensitive to ET and deficient in 
functional receptor proteins for ethylene, was crossed with 
‘CLN2037B’. In total, 12 F1 hybrids were tested and inoculated 
with LB. The Nr mutant was a dominant mutant; therefore, if 
ethylene was involved in the downstream signaling of Ph-3 
resistance, the disease index levels should increase compared 
with the background controls. Our results showed that five of 
the F1 plants were susceptible to disease and the average disease 
level was 5.00; the remaining seven showed resistance, with 
average disease index levels of 2.75, which was a significant 
increase compared with the disease level of resistant control F1 
plants of ‘CLN2037B’ × ‘Moneymaker’ (P < 0.05). Our results 
suggested that ET participates in the resistance mediated by 
Ph-3 in tomatoes. 
NahG encodes a salicylic acid hydrogen-enzyme, salicylate 
hydroxylase, which inhibits the accumulation of SA. 
Overexpression of NahG in a tomato mutant resulted in a lower 
SA content. If SA is involved in Ph-3-mediated resistance, the 
segregation ratio of resistance: susceptibility should be 1︰1 
among the F1 hybrids of ‘NahG’ × ‘CLN2037B’. Our results 
showed that among the 12 tested plants, six behaved as 
susceptible, with average disease index levels of 5, which was 
significantly different to that of the F1 hybrids of ‘CLN2037B’ × 
‘Moneymaker’ (P < 0.05). The remaining six plants showed 
resistance to LB, with an average disease index level of 1.43, 
indicating they did not contain the NahG gene. Our results 
showed that overexpression of the NahG gene led to inhibition 
of SA accumulation, which broke down the Ph-3-mediated 
resistance. This result suggests that SA also participates in the 
Ph-3-mediated resistance against LB in tomatoes. 
The mutant def-1 contains a mutation in the Defenseless-1 
gene, resulting in a low JA content. By screening an F2 
population of ‘def-1’ × ‘CLN2037B’ for the Ph-3 gene, 12 Ph-3 
homozygous individuals were inoculated with LB and all of the 
tested plants showed resistance, with an average disease index 
level of 0.64. In this case, the ‘CLN2037B’ plants were used as 
resistant controls to perform the statistical analysis, and the 
results indicated that the mutants had no significant difference 
compared with the background control. This suggested that JA 
is not involved in the Ph-3 resistance pathway in tomatoes. 
3.3. ACO1, NPR2, TGA1a and TGA2.2 are 
participants in the signaling pathway of resistance 
mediated by Ph-3 
To further confirm whether ET or SA participated in the 
downstream signaling pathway of Ph-3-mediated resistance, 
virus-induced gene silencing (VIGS) was used to knock down 
the expression of key genes in the corresponding pathway, 
including ACO1 for ET, and NPR1, TGA1a and TGA2.2 for SA. 
After infection by Agrobacterium inoculation for 2 weeks, 
PDS-silenced plants showed an apparent photobleaching 
phenomenon (Fig. 1, A) indicating effective silencing. Meanwhile, 
plants were inoculated with LB. The resistant control plants 
inoculated with empty vector showed resistance to LB (Fig. 1, 
B). The susceptible control plant ‘Moneymaker’ showed 
susceptibility, which indicated that the TRV-based VIGS system 
did not alter the response against LB in tomatoes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  The photobleaching phenotype of a PDS gene-silenced plant (A), 
indicating the successful silencing of the target gene compared with the 
empty vector (ev) control of TRV2-only plant (B) 
 
The ACO1 encodes a key gene in the biosynthesis of ET 
and regulates the synthesis of ACC oxidase. Silencing of ACO1 
would cause abnormal ET synthesis in plants. The ACO1- 
silenced plants were inoculated with the LB and scored at 8 
days post inoculation. In total, 30 ‘CLN2037B’ plants were 
tested and five of them showed disease symptoms, where 
lesions appeared and expanded on old leaves, as well as on 
stems. Thus, the Ph-3 resistance was interrupted and the 
resistant plants became susceptible. These results indicated that 
the ET pathway is involved in the downstream signaling 
mediated by Ph-3 and further confirmed results obtained using 
ET pathway mutants. 
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The NPR1, TGA1a, and TGA2.2 have been reported as key 
genes in the synthesis of SA and were selectively silenced in the 
‘CLN2037B’ plants to verify the results obtained in the NahG 
mutant. Plants were inoculated with LB, and a large number of 
lesions appeared on the old leaves at 8 days after inoculation. 
There were significantly more lesions than on the control plants 
with empty vector, and extensive lesions appeared on some of 
the young leaves. The disease index levels were also increased 
in the plants in which NPR1, TGA1a and TGA2.2 were silenced 
and the differences were statistically significant (P < 0.05) 
compared with the EV control plants (Fig. 2). These results 
were in line with the results obtained in the NahG mutant and 
demonstrated that SA is involved in the downstream signaling 
of Ph-3-mediated resistance. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Disease index levels of TRV2 (ev)-, NPR1-, TGA1a-, TGA2.2- and 
ACO1-silenced ‘CLN2037B’ plants inoculated with P. infestans 
4. Discussion 
4.1. ARR against LB in tomatoes is displayed in 
different types of resistances 
ARR has been reported for R gene-mediated LB resistance 
in tomatoes, and the resistance levels increase along with the 
plant’s age (Moreau et al., 1998; Chunwongse et al., 2002; Li et 
al., 2007). In this study, tomato accessions that were reported to 
contain QTLs that are resistant to LB were used to determine if 
QTL-mediated resistances also shows ARR. To the best of our 
knowledge, these results are the first to provide evidence that 
QTL-mediated resistance against LB is associated with ARR. 
We believe that resistance against LB in tomatoes commonly 
involves ARR; therefore, to avoid losing potentially useful 
materials, special attention needs to be paid to choosing the 
plant age when screening materials for resistance during 
breeding activities. Currently, the mechanisms of ARR in plants 
are unknown. ARR has been reported in different studies of the 
interactions in tobacco and potatoes with P. infestans, as well as 
in pepper with anthrax pathogen and tomatoes with leaf mold 
caused by Cladosporium fulvum (Mutty and Hossenkhan, 2008; 
Shibata et al., 2010). However, these ARRs are regulated 
differently and vary for different crops and different pathogens.  
 
For example, vegetative growth can regulate the resistance 
levels in the interaction of soybean with blight, gray mold with 
strawberry and turnip mosaic virus with Arabidopsis. 
Meanwhile, flowering regulates the resistance levels of wheat 
straw rust in wheat, blight in tobacco and gray mold in tomatoes 
(Develey-Rivière and Galiana, 2007). In addition, the LB- 
resistant QTLs were reported to be associated with growth and 
ripening stages in potato plants (Collins et al., 1999). To date, 
there is little information on the causes of ARR in the resistance 
responses against pathogens in plants. It was reported that the 
resistance against anthrax in green peppers was based on a 
mechanism related to the observation that tissues from older 
leaves could reduce the penetration of the bacteria (Hong et al., 
2001). The ARR response against bacterial speck in Arabidopsis 
was reported to be caused by neither systemic induced 
resistance nor systemic acquired resistance (Kus et al., 2002). 
The ARR mediated by the Cf-9B gene in tomatoes was not 
activated by any transcription signals (Panter et al., 2002). It is 
believed that plants need to gain certain abilities to perform a 
defense response against pathogen invasion, such abilities only 
being acquired at certain growth and development stages 
(Develey-Rivière and Galiana, 2007). To obtain a better 
understanding of the mechanisms of ARR in the plant pathogen 
interaction, a future in-depth study of different ARRs should be 
carried out, for instance ARRs induced by vegetative 
development and growth or by flowering. 
4.2. ET and SA are involved in the signaling pathway 
of resistance to LB mediated by the Ph-3 gene 
The LB disease is caused by the oomycete pathogen P. 
infestans, whose pathogenicity is semi-biotrophic. According to 
its infection process, the SA and JA signaling pathway were 
thought to be involved in the resistant response, in which SA 
mainly mediates resistance at the biotrophic stage and JA at the 
necrotrophic stage. However, ET also plays a decisive role in 
the interactions of SA-JA signaling (Jones and Dang, 2006; 
Pieterse et al., 2009). Thus, in this study, the above-mentioned 
signaling pathways were studied. First, to select an appropriate 
plant stage for the pathway analysis, ARR effects were studied 
in both QTL- and R gene-mediated LB resistance. Our results 
demonstrated that at the six-leaf stage, tomato plants showed 
full resistance to LB. Using mutants deficient in ET, SA and JA 
synthesis, as well as silencing the key genes by VIGS, the 
Ph-3-mediated resistance pathway was investigated. Our results 
indicated that the ET and SA, but not JA, are involved in the 
Ph-3-mediated resistance response. It is likely that SA mainly 
mediates the response at the early stage of signal transduction 
when P. infestans penetrates the host plants and induces a 
hypersensitive response, resulting in programmed cell death. In 
addition, ET may function in two stages of the infection process 
in vivo: the vegetative stage and the saprophytic nutrition stage. 
It likely induces the production of phytoalexins related to 
defending against invasion. Our results were consistent with the 
resistant mechanism reported in the interaction between LB with 
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tobacco. However, in that study, ARR did not depend on the 
NPR1 gene (Shibata et al., 2010). In this study, silencing the  
NPR1 gene resulted in a decrease in the disease index levels, 
which indicated that although tomatoes and tobacco are 
phylogenetically close, they rely on different resistance 
mechanisms to defend against the same invading pathogens.  
The pathway of ARR to P. syringae in the Arabidopsis 
needs a certain level of SA accumulation (Kus et al., 2002). 
Moreover, the participation of ET and SA is important for 
resistance against P. infestans in tobacco (Shibata et al., 2010). 
A study on the BABA (DL-β-amino butyric acid)-induced 
resistance to LB in potatoes and tomatoes demonstrated that 
both plants accumulated SA. The induced resistance decreased 
with increased plant age (Eschen-Lippold et al., 2010a), which 
indicated that the endogenous hormones are involved in the 
ARR. The resistant levels to LB were not correlated with the 
transcript abundance of the R gene in potatoes, which provided 
direct evidence that other defense response regulators are 
involved in ARR during plant growth (Millett et al., 2009). In 
this study, the participations of ET and SA in the downstream 
signaling in the six-leaf-stage tomato plants were studied. 
However, whether the incomplete Ph-3 resistance at the 
three-leaf stage is affected by SA and ET accumulation or 
quantity requires further investigation. 
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